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©  Graft  copolymer  -  plasticized  PVC  blends  as  thermoplastic  elastomers. 
  Compositons  comprising  high  rubber  ABS  graft  copoly- 
mers,  PVC  and  plasticizers  for  PVC  are  useful  as  thermoplas- 
tic  elastomers.  Formulations  exhibiting  good  solvent  resist- 
ance,  abrasion  and  compression  set  characteristics  may  be 
'used  in  shoe  soling,  wire  and  cable  covering,  hose  and 
tubing  and  automotive  applications. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e r m o p l a s t i c   e l a s t o m e r  

c o m p o s i t i o n s   c o m p r i s i n g   b l e n d s   of  g r a f t   c o p o l y m e r s ,  

p o l y v i n y l   c h l o r i d e   (PVC)  and  p l a s t i c i z e r s .   The  c o m p o -  
s i t i o n s   r e q u i r e   no  c u r i n g   or  v u l c a n i z a t i o n   to  d e v e l o p  

e l a s t o m e r i c   p r o p e r t i e s .   The  c o m p o s i t i o n s   t h u s   r e m a i n  

t h e r m o p l a s t i c   and  can  b e  r e p e a t e d l y   r e m o l d e d   or  e x t r u d e d .  

The  t e r m   " t h e r m o p l a s t i c   e l a s t o m e r "   has   g e n e r a l l y  

b e e n - a p p l i e d   to  e l a s t o m e r s   t h a t   can  be  r e a d i l y   p r o c e s s e d  

and  r e p r o c e s s e d   by  c o n v e n t i o n a l   m e l t   p r o c e s s i n g   e q u i p -  

men t   by  v i r t u e   of  t h e   f a c t   t h a t   such   e l a s t o m e r s   a r e   n o t  

c u r e d   or   v u l c a n i z e d .   The  r e p r o c e s s a b i l i t y   of   t h e s e  

e l a s t o m e r s   c o m p a r e d   w i t h   c o n v e n t i o n a l   c u r e d   or  t h e r m o s e t  

r u b b e r s   r e s u l t s   in  a  g r e a t   r e d u c t i o n   in  l o s s   due  t o  

s c r a p ,   w i t h   c o n s e q u e n t   e c o n o m i c   b e n e f i t s   f o r  t h e   p r o c e s -  

s o r .   A  v a r i e t y   of  s u c h   m a t e r i a l s   have   been   i n t r o d u c e d  

in  r e c e n t   y e a r s   s u c h   as   t h e r m o p l a s t i c   p o l y e s t e r s ,  

s t y r e n e   b l o c k   c o p o l y m e r s ,   and  t h e r m o p l a s t i c   o l e f i n -  

r u b b e r   b l e n d s .   T y p i c a l   of   s u c h   m a t e r i a l s   a r e   t h e  

s t y r e  e - b u t a d i e n e - s t y r e n e   b l o c k   c o p o l y m e r s   s o l d   a s  
K r a t o n ®  b r a n d   e l a s t o m e r s   by  t he   S h e l l   C h e m i c a l   Co.  a n d  

t h e   H y t r e l ®  b r a n d   p o l y e s t e r   e l a s t o m e r s   s o l d   by  D u P o n t .  

Many  of   t h e s e   e l a s t o m e r s   have   found   wide   a p p l i c a t i o n   i n  

c o n s u m e r   g o o d s   such   as  in  shoe   s o l i n g   f o r m u l a t i o n s   a n d  

t h e   l i k e ,   as  w e l l   as  in  s u c h   i n d u s t r i a l   a p p l i c a t i o n s   a s  

.  w i r e   c o a t i n g ,   h o s e   and  t u b i n g ,   e l e c t r i c a l   c o n n e c t o r s   a n d  

a u t o m o t i v e   p a r t s .  



C u r r e n t l y   a v a i l a b l e   t h e r m o p l a s t i c   e l a s t o m e r s   s u f f e r  

some  d i s a d v a n t a g e s   in  u s e .   I n  p a r t i c u l a r ,   f o r m u l a t i o n s  

b a s e d   on  o l e f i n i c   r e s i n s   i n c l u d i n g   SBS  b l o c k   c o p o l y m e r s  

e x h i b i t   p o o r   r e s i s t a n c e   to   h y d r o c a r b o n   s o l v e n t s   and  l o w  

a b r a s i o n   r e s i s t a n c e   w h i c h   may  l i m i t   t h e i r   use   in  p a r t i -  

c u l a r   e n v i r o n m e n t s .   A d d i t i o n a l l y ,   a d h e s i o n  t o   d i s s i m i -  

l a r   m a t e r i a l s   i s   p o o r ,   and  a  s u r f a c e   c h l o r i n a t i o n   o r  

o t h e r   p r i m e r   t r e a t m e n t   i s   o f t e n   n e e d e d   to   i n c r e a s e  

a d h e s i v e   b o n d i n g   b e t w e e n ,   f o r   e x a m p l e ,   a  m o l d e d   s h o e  

s o l e   f o r m e d  o f   s u c h   m a t e r i a l s   and  a  s y n t h e t i c   s h o e  

u p p e r .   P r i m e r   t r e a t m e n t   of   the   s u r f a c e s   of  m o l d e d   g o o d s  

i s   a l s o   n e e d e d   where   t he   p a r t   i s   to  be  p a i n t e d ,   w h i c h  

f u r t h e r   i n c r e a s e s   t h e   p r o d u c t i o n   c o s t   of   s u c h   g o o d s .  

High   r u b b e r   c o n t e n t   g r a f t   c o p o l y m e r s ,   by  w h i c h   i s  

m e a n t   g r a f t   p o l y m e r s   p r e p a r e d   by  g r a f t - p o l y m e r i z i n g  

r i g i d   m o n o m e r s   in  t h e   p r e s e n c e   of   r u b b e r y   p o l y m e r i c  

s u b s t r a t e s   and  c o m p r i s i n g  g r e a t e r   t h a n   50  wt%  r u b b e r y  

s u b s t r a t e   p o l y m e r ,   a r e   w i d e l y   used   as  i m p a c t   m o d i f i e r s  

f o r   t h e r m o p l a s t i c s   s u c h   as  s t y r e n e   r e s i n s ,   s t y r e n e -  

a c r y l o n i t r i l e   (SAN)  r e s i n s ,   PVC  r e s i n s   and  t h e   l i k e .  

T y p i c a l   of  s u c h   m a t e r i a l s   a r e   g r a f t   c o p o l y m e r s   o f  

s t y r e n e   and  a c r y l o n i t r i l e   and  o p t i o n a l l y   m e t h y l m e t h -  

a c r y l a t e   on  d i e n e   r u b b e r   s u b s t r a t e s   such   as  t h e   B l e n d e x -  

b r a n d   m o d i f i e r s   s o l d   by  B o r g - W a r n e r   C h e m i c a l s ,   I n c .   a n d  

g r a f t   c o p o l y m e r s   of   m e t h a c r y l a t e s   on  a c r y l i c   r u b b e r  

s u b s t r a t e s   and  of  m e t h a c r y l a t e s   on  d i e n e   r u b b e r   s u b -  

s t r a t e s   s o l d   as  m o d i f i e r   r e s i n s   by  Rohm  and  H a a s .   A 

wide   v a r i e t y   of  such   g r a f t   c o p o l y m e r s   i s   r e a d i l y   a v a i l -  

a b l e   c o m m e r c i a l l y .   In  g e n e r a l ,   r u b b e r y   g r a f t   c o p o l y m e r  

i m p a c t   m o d i f i e r s   a re   e m p l o y e d   a t   l e v e l s   of  l e s s   t h a n   30  

wt%  and  o f t e n   a t   l e s s   t h a n   10  wt%  in  b l e n d s   w i t h   r i g i d  



r e s i n s   to  p r o v i d e   h i g h   i m p a c t   t h e r m o p l a s t i c s .   A l t h o u g h  

o f t e n   r e f e r r e d   to  as  r u b b e r y   m o d i f i e r s ,   t h e s e   c o p o l y m e r s  

f o r   t he   most   p a r t   a r e   n o t   t r u l y   e l a s t o m e r i c   and  do  n o t  

e x h i b i t   u s e f u l   e l a s t o m e r i c   p r o p e r t i e s  w i t h o u t   f u r t h e r  

m o d i f i c a t i o n   and  v u l c a n i z a t i o n .   T h e s e   m a t e r i a l s   t h e r e -  

f o r e   a r e   no t   c o n s i d e r e d   to   be  t h e r m o p l a s t i c   e l a s t o m e r s .  

The  m o d i f i c a t i o n   o f   n i t r i l e   r u b b e r y   s t o c k s   b y  

a d d i n g   PVC  t o g e t h e r   w i t h   a  c o n v e n t i o n a l   PVC  p l a s t i c i z e r  

has   l o n g   been   p r a c t i c e d   in  t he   r u b b e r   c o m p o u n d i n g   a r t .  

A  m i n o r   p r o p o r t i o n   of  PVC,  u s u a l l y   l e s s   t h a n   33  wt%,  i s  

u s e d   to   i m p a r t   i n c r e a s e d   s u n l i g h t   and  o z o n e   r e s i s t a n c e  

to  n i t r i l e   r u b b e r ,   t o g e t h e r   w i t h   i m p r o v e d   a b r a s i o n   a n d  

t e a r   p r o p e r t i e s .   Such  f o r m u l a t i o n s   f i n d   use   in  w i r e   a n d  

c a b l e   c o v e r i n g s   and   in   t h e   p r o d u c t i o n   o f   h o s e   a n d  

t u b i n g ,   as  w e l l   as  in  s h o e   s o l e   f o r m u l a t i o n s .   T h e s e  

b l e n d s   a r e ,   f o r   m o s t   a p p l i c a t i o n s ,   n o r m a l l y   v u l c a n i z e d  

to  p r o v i d e   e l a s t o m e r i c   c h a r a c t e r   and  t h e r e f o r e  a r e   n o t  

c o n s i d e r e d   to  be  t h e r m o p l a s t i c   e l a s t o m e r s .  

T h e r m o p l a s t i c   e l a s t o m e r   f o r m u l a t i o n s   b a s e d   on  h i g h  

r u b b e r   g r a f t   c o p o l y m e r s   w o u l d   be  a  u s e f u l   a d v a n c e   in  t h e  

a r t .   The  g r a f t   c o p o l y m e r s   a r e   w i d e l y   a v a i l a b l e   a n d  

r e a d i l y   p r o d u c e d   by  a  v a r i e t y   of  w e l l   known  and  e c o n o -  

m i c a l   p r o c e s s e s .   As  i s   w e l l   known,  g r a f t   c o p o l y m e r s   may  
be  r e a d i l y   m o d i f i e d   by  v a r y i n g   t h e   t y p e   and  p r o p o r t i o n  

of   monomer s   u s e d   in  t h e i r   p r e p a r a t i o n   to   s e l e c t i v e l y  

i m p r o v e   s u c h   c h a r a c t e r i s t i c s   as  a b r a s i o n   and  s o l v e n t  

r e s i s t a n c e ,   a d h e s i o n ,   w e a t h e r a b i l i t y   and  t h e   l i k e .  

E l a s t o m e r s   b a s e d   on  g r a f t   c o p o l y m e r s   c o u l d   t h u s   f i n d  

a p p l i c a t i o n   in  t h e   p r o d u c t i o n   of   m o l d e d   and  e x t r u d e d  

g o o d s   to  mee t   a  w ide   v a r i e t y   of  e n v i r o n m e n t a l   r e q u i r e -  
m e n t s   i n c l u d i n g   s h o e   s o l i n g ,   e x t r u d e d   h o s e   and  t u b i n g ,  

w i r e   and  c a b l e   i n s u l a t i o n s ,   the   p r o d u c t i o n   of  f l e x i b l e  

c o r d ,   a u t o m o t i v e   p a r t s   and  the   l i k e .  



C o m p o s i t i o n s   c o m p r i s i n g   b l e n d s   o f   h i g h   r u b b e r   g r a f t  

c o p o l y m e r s ,   PVC  and  p l a s t i c i z e r   a r e   u s e f u l   as  t h e r m o -  

p l a s t i c   e l a s t o m e r s .   The  c o m p o s i t i o n s   do  n o t   r e q u i r e  

v u l c a n i z a t i o n ,   e x h i b i t   a  r u b b e r y   f e e l   and  a p p e a r a n c e ,  

h a v e   g o o d   r e s i s t a n c e   to   c o m p r e s s i o n   s e t   and   may  b e  

m e l t - p r o c e s s e d   in  c o n v e n t i o n a l   m o l d i n g   and  e x t r u s i o n  

e q u i p m e n t .  

The  h i g h   r u b b e r   g r a f t   c o p o l y m e r s   u s e f u l   in  t h e  

p r a c t i c e   o f  t h i s   i n v e n t i o n   a r e   c o n v e n t i o n a l   g r a f t  

c o p o l y m e r s   p r e p a r e d   by  g r a f t - p o l y m e r i z i n g   l e s s   t h a n  

a b o u t   50  wt%  of  a t   l e a s t   one  r i g i d   monomer   such   as  a  

v i n y l   a r o m a t i c   m o n o m e r ,   an  a c r y l i c   m o n o m e r ,   a  v i n y l  

n i t r i l e   monomer  or   a  m i x t u r e   t h e r e o f   in  t h e   p r e s e n c e   o f  

more  t h a n   a b o u t   50  wt%  of  a  p r e - f o r m e d   r u b b e r y   s u b s t r a t e  

s u c h   as  a  1 , 3 - d i e n e   p o l y m e r   or  a  r u b b e r y - c o p o l y m e r  

t h e r e o f .   More   p a r t i c u l a r l y ,   t h e   g r a f t   c o p o l y m e r s  

c o m p r i s e   f r o m   50-  to   90  wt%  of   a  r u b b e r y   s u b s t r a t e  

1 , 3 - d i e n e   p o l y m e r   s u c h   as  fo r   e x a m p l e   p o l y b u t a d i e n e   o r  

p o l y i s o p r e n e ,   or   a  c o p o l y m e r   of  a  1 , 3 - d i e n e   w i t h   l e s s  

t h a n   a b o u t   50  wt%  of  a  r i g i d   c o p o l y m e r i z a b l e   v i n y l   o r  

v i n y l i d e n e   m o n o m e r   s u c h   as   f o r   e x a m p l e   a  s t y r e n e  

m o n o m e r ,   an  a c r y l a t e   e s t e r   monomer ,   or   a  v i n y l   n i t r i l e  

m o n o m e r ,   and   f r o m   10  t o   50  wt%  r i g i d   g r a f t   p h a s e  

f o r m e d   f r o m   a t   l e a s t   one   r i g i d   v i n y l i d e n e   or   v i n y l  

m o n o m e r  s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   v i n y l  

a r o m a t i c   m o n o m e r s ,   a c r y l i c   m o n o m e r s ,   v i n y l   n i t r i l e  

m o n o m e r s   and  m i x t u r e s   t h e r e o f .   The  u s e   o f   t h e   t e r m  

r i g i d   i s   s o m e w h a t   i n a p p r o p r i a t e   when  a p p l i e d   to   a  

monomer   or  monomer  m i x t u r e .   The  t e r m   r i g i d  m o n o m e r   f o r  

t he   p u r p o s e s   of  t h i s   i n v e n t i o n   means   a  p o l y m e r i z a b l e  

v i n y l   or  v i n y l i d e n e   monomer  wh ich   when  h o m o p o l y m e r i z e d  

p r o v i d e s   a  ' h o m o p o l y m e r   h a v i n g   r i g i d ,   p l a s t i c   or  n o n -  

r u b b e r y   c h a r a c t e r   i n c l u d i n g   a  g l a s s   t r a n s i t i o n   t e m p e r a -  



t u r e   (Tg)  g r e a t e r   t h a n   a b o u t   20°C.   The  t e rm  r u b b e r y  

s u b s t r a t e   or  r u b b e r y   c o p o l y m e r   m e a n s ,   as   i s   c o n v e n -  

t i o n a l l y   r e c o g n i z e d ,   a  p o l y m e r   h a v i n g   a  r u b b e r y   o r  

e l a s t o m e r i c   c h a r a c t e r   i n c l u d i n g   a  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   b e l o w   a b o u t   20°C,   and  p r e f e r a b l y   be low  a b o u t  

0 ° C .   As  i s   c o n v e n t i o n a l   in  t h e   p r e p a r a t i o n   of   h i g h  

r u b b e r   g r a f t   c o p o l y m e r s ,   e i t h e r   or   b o t h   t h e   r u b b e r y  

s u b s t r a t e   and  t he   g r a f t   p h a s e   may  f u r t h e r   i n c l u d e   m i n o r  

a m o u n t s ,   u s u a l l y   l e s s   t h a n   a b o u t   10  wt%,  of   a  c o p o l y -  

m e r i z a b l e   d i -   or  t r i f u n c t i o n a l   monomer   to   c r o s s - l i n k  

e i t h e r  o r   b o t h   p o l y m e r i c   c o m p o n e n t s .   The  h i g h   r u b b e r  

g r a f t   c o p o l y m e r s   may  be  p r e p a r e d   by  any  of   t he   v a r i e t y  

of   c o n v e n t i o n a l   g r a f t   p o l y m e r i z a t i o n ' p r o c e s s e s   i n c l u d i n g  

e m u l s i o n ,   s u s p e n s i o n ,   s e q u e n t i a l ,   b u l k   and   s o l u t i o n  

p o l y m e r i z a t i o n   p r o c e s s e s .   These   m e t h o d s   a r e   w e l l - k n o w n  

in  t h e   p o l y m e r i z a t i o n   a r t   and  a r e   w i d e l y   p r a c t i c e d  

c o m m e r c i a l l y   to  p r o d u c e   h i g h   r u b b e r   g r a f t   c o p o l y m e r s   a s  

i m p a c t   m o d i f i e r s   f o r   t h e r m o p l a s t i c   r e s i n s .  

T y p i c a l   of  t h e   h i g h   r u b b e r   g r a f t   c o p o l y m e r s   u s e f u l  

in  t h e   p r a c t i c e   of   t h i s   i n v e n t i o n   a r e   t h o s e   g e n e r a l l y  

r e f e r r e d   t o   as   h i g h   r u b b e r   ABS  r e s i n s ,   w h i c h   m a y  

g e n e r a l l y   be  d e s c r i b e d   as  g r a f t   c o p o l y m e r s  _ o f   s t y r e n e  
and  a c r y l o n i t r i l e   on  p o l y b u t a d i e n e   or   s t y r e n e - b u t a d i e n e  

r u b b e r s   c o n t a i n i n g   g r e a t e r   t h a n   50  wt%  o f   r u b b e r y  

s u b s t r a t e ,   w h i c h   i n c l u d e s   t he   a r t - r e l a t e d   h i g h   r u b b e r  

g r a f t   c o p o l y m e r s   s u c h   as  m e t h y l m e t h a c r y l a t e - s t y r e n e -  

a c r y l o n i t r i l e   g r a f t s   on  p o l y b u t a d i e n e   or   s t y r e n e -  

b u t a d i e n e   r u b b e r s   (MABS  r e s i n s ) ,   g r a f t   c o p o l y m e r s   o f  

m e t h y l m e t h a c r y l a t e   and ,   o p t i o n a l l y ,   s t y r e n e   or  p o l y -  

b u t a d i e n e   or  s t y r e n e - b u t a d i e n e   r u b b e r s   (MBS  r e s i n s )   a n d  

t h e   l i k e .   T h e s e   r e s i n s   a r e   w i d e l y   known  and  c o m m e r c i a l l y  

a v a i l a b l e   in  t he   a r t .  



PVC  r e s i n s   u s e f u l   in  t h e   p r a c t i c e   of  t h i s   i n v e n -  

t i o n   i n c l u d e   h o m o p o l y m e r s   of   v i n y l   c h l o r i d e   and  c o p o l y -  

m e r s   o f   v i n y l   c h l o r i d e   c o n t a i n i n g   u p  t o   20  wt%  o f  

c o p o l y m e r i z a b l e   monomers   s u c h   as  v i n y l i d e n e   c h l o r i d e   a n d  

the   l i k e .   M e t h o d s   f o r   p r e p a r i n g   t he   PVC  p o l y m e r s   a r e  

a l s o   w e l l   known  and  s u c h   r e s i n s   a r e   w i d e l y   a v a i l a b l e  

c o m m e r c i a l l y   in   a  v a r i e t y   o f   m o l d i n g   and  e x t r u s i o n  

g r a d e s .  

The   p l a s t i c i z e r s   u s e f u l   in  t h e   p r a c t i c e   o f   t h i s  

i n v e n t i o n   i n c l u d e   any  of   t h e   p l a s t i c i z e r s   commonly   u s e d  

in  t h e   a r t   w i t h   v i n y l   c h l o r i d e   r e s i n s .   T y p i c a l   p l a s t i -  

c i z e r s   i n c l u d e   e s t e r   p l a s t i c i z e r s   s u c h   as   d i a l k y l  

p h t h a l a t e s   and  the   l i k e   and  t h e   p h o s p h a t e   p l a s t i c i z e r s  

s u c h   as  t r i ( a l k y l p h e n y l ) p h o s p h a t e s   and  t h e   l i k e ,   as  w e l l  

as  a  w i d e   v a r i e t y   of  p l a s t i c i z e r s   b a s e d   on  v e g e t a b l e  

o i l s   s u c h   as   e x p o x i d i z e d   s o y a b e a n   o i l   and  t h e   l i k e .  

The  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   c o m p r i s e   f rom  70  

to  30  p a r t s   by  w e i g h t   of   h i g h   r u b b e r   g r a f t   c o p o l y m e r ,  

from  30  t o   70  p a r t s   by  w e i g h t   of  PVC  r e s i n   and  f rom  40  

t o  6 5   p a r t s   by  w e i g h t   of  a  PVC  p l a s t i c i z e r .   The  c o m p o -  
s i t i o n s   may  be  p r e p a r e d   by  any   o f   t h e   c o n v e n t i o n a l  

r u b b e r   c o m p o u n d i n g   t e c h n i q u e s   i n c l u d i n g   d ry   b l e n d i n g   t h e  

c o m p o n e n t s   t h e n   m e l t   p r o c e s s i n g   i n   a  c o m p o u n d i n g  

e x t r u d e r   o r   on  a  t w o - r o l l   m i l l .   A l t e r n a t i v e l y   t h e  

c o m p o n e n t s   may  be  mixed  in  b a t c h   m e l t   m i x i n g   e q u i p m e n t  

such   as  a  B a n b u r y   m i x e r   or  t he   l i k e .   The  c o m p o s i t i o n s  

may  t h e n   be  f u t h e r   e x t r u d e d   o r   i n j e c t i o n   m o l d e d   i n  

c o n v e n t i o n a l   r a m -   or  s c r e w - i n j e c t i o n   m o l d i n g   m a c h i n e s   t o  

form  e x t r u d e d   or   molded   g o o d s .  

The   c o m p o s i t i o n s   o f   t h i s   i n v e n t i o n   may  f u r t h e r  

i n c l u d e   a n t i o x i d a n t s ,   s t a b i l i z e r s ,   f i l l e r s ,   p i g m e n t s ,  



e x t e n d e r s ,   s e c o n d a r y   p l a s t i c i z e r s ,   f l a m e   r e t a r d a n t s ,  

d y e s   and  t h e   l i k e   as  i s   commonly   p r a c t i c e d   in  t he   r u b b e r  

c o m p o u n d i n g   a r t .  

The  p r a c t i c e   of   t h i s   i n v e n t i o n   may  be  b e t t e r  

u n d e r s t o o d   t h r o u g h   c o n s i d e r a t i o n   o f   t h e   f o l l o w i n g  

e x a m p l e s ,   w h i c h   a r e   p r o v i d e d   by  way  of  i l l u s t r a t i o n   o f  

the   i n v e n t i o n   and  no t   in  l i m i t a t i o n   t h e r e o f .  

In  t he   E x a m p l e s ,   t h e   f o l l o w i n g   t e r m s   a re   e m p l o y e d :  

T e n s i l e   S t r  =   t e n s i l e   s t r e n g t h   a t   room  t e m p e r a -  
t u r e ,   ASTM  D638 

E  =  e l o n g a t i o n   a t   b r e a k ,   ASTM  D638  

H a r d n e s s  =   s h o r e   h a r d n e s s ,   ASTM  D 2 2 4 0 ,   A  r a n g e  

T a b o r   A b r  =   T a b o r   a b r a s i o n ,   l o s s   in  g r a m s / 1 0 0 0  
c y c l e s  

Vol  S w e l l  =   v o l u m e   s w e l l   on  e x p o s u r e   to  i n d i c a t e d  
s o l v e n t s   a t   room  t e m p e r a t u r e   f o r   24  h r s  

Comp  S e t  =   c o m p r e s s i o n   s e t   a t   i n d i c a t e d   t e m p e r a -  
t u r e ,   22  h r s ,   ASTM  D 3 9 5  

E l a s t   R e c  =   E l a s t i c   R e c o v e r y ,  d e t e r m i n e d   b y  
e x t e n s i o n   a t   100%  f o r   1  min,   r e l e a s i n g  
and  m e a s u r i n g   a f t e r   60  s e c  

E x a m p l e s   1 - 4  

In  t h e   f o l l o w i n g   E x a m p l e s   1 - 4 ,   c o m p o s i t i o n s   w e r e  

p r e p a r e d   by  c o m p o u n d i n g   t h e   f o r m u l a t i o n s   on  a  t w o - r o l l  

m i l l   a t   1 7 7 ° C ,   s h e e t i n g   o u t   t h e - c o m p o s i t i o n s   and  c o o l i n g  

to  room  t e m p e r a t u r e .   The  c o m p o s i t i o n s   were  t h e n   c u t  

i n t o   s t r i p s   and  i n j e c t i o n   m o l d e d   on  1.0  oz/(28.4g)Battenfeld 



r e c i p r o c a t i n g   s c r e w   m a c h i n e ,   u s i n g   b a r r e l   t e m p e r a t u r e s  

in  t he   r a n g e   1 3 8 - 1 4 9 ° C   and  a  mold  t e m p e r a t u r e   of  3 7 . 8 ° C  

to   f o r m   t e s t  s p e c i m e n s .   The  f o r m u l a t i o n s   and  t h e  

p h y s i c a l   p r o p e r t i e s   a r e   s u m m a r i z e d   in  T a b l e   I .  





I t   w i l l   be  a p p a r e n t   t h a t   the   c o m p o s i t i o n s   of  t h i s  

i n v e n t i o n ,   E x a m p l e s   2  and  3,  e x h i b i t   good   t e n s i l e  

s t r e n g t h   and  e l a s t i c   r e c o v e r y ,   as  w e l l   as  u s e f u l   s o l v e n t  

r e s i s t a n c e .   S u r p r i s i n g l y ,   t he   c o m p r e s s i o n   s e t   c h a r a c -  

t e r i s t i c s   of  t h e s e   c o m p o s i t i o n s ,   p a r t i c u l a r l y   a t   e l e -  

v a t e d   t e m p e r a t u r e s ,   is   c o n s i d e r a b l y   b e t t e r   t h a n   e i t h e r  

o f   t h e   c o n t r o l   b l e n d s ,   E x a m p l e s   1  and  4.  The  c o m p o s i -  

t i o n s   of   t h i s   i n v e n t i o n   a re   t h u s   t o u g h ,   d u r a b l e   t h e r m o -  

p l a s t i c   e l a s t o m e r s .  

I t   w i l l   be  r e c o g n i z e d   by  t h o s e   s k i l l e d   i n  t h e   a r t  

t h a t   f u r t h e r   m o d i f i c a t i o n s   may  be  made  in  t h e   g r a f t  

c o p o l y m e r   c o m p o n e n t   and  in   t h e   b a s e   f o r m u l a t i o n   t o  

e m p h a s i z e   and  e n h a n c e   p a r t i c u l a r   p h y s i c a l   p r o p e r t i e s  

s u c h   as   s o l v e n t   r e s i s t a n c e ,   h a r d n e s s   and  a b r a s i o n  

r e s i s t a n c e   t h r o u g h   use  of  g r a f t i n g   monomer s   o t h e r   t h a n  

s t y r e n e   and  a c r y l o n i t r i l e ,   o t h e r   r u b b e r y   s u b s t r a t e s ,  

d i f f e r e n t   p r o p o r t i o n s   of   PVC  and  p l a s t i c i z e r ,   a n d  

s e l e c t i o n   o f   p l a s t i c i z e r s   as   may  be  n e e d e d   f o r  a  

p a r t i c u l a r   e n d - u s e .   The  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n  

t h u s   p r o v i d e   t h e   c o m p o u n d e r   w i t h   a  g r e a t   d e g r e e   o f  

f l e x i b i l i t y   in  m e e t i n g   the   r e q u i r e m e n t s   f o r   use  in  a  

v a r i e t y   of   w i d e l y   d i f f e r i n g   a p p l i c a t i o n s .  

E x a m p l e   5 

A  s h o e   s o l i n g   c o m p o s i t i o n   was  p r e p a r e d   by  d r y -  

b l e n d i n g   t h e   i n g r e d i e n t s   s u m m a r i z e d   in  T a b l e   II   in  a  

H e n s c h e l   m i x e r ,   t h e n   c o m p o u n d i n g   t h e   m i x t u r e   i n t o  

p e l l e t s   on  a  W e r n e r - P f l e i d e r e r   Z S K - 2 8   t w i n   s c r e w  

e x t r u d e r ,   using (181°C) barrel  t e m p e r a t u r e s   of   f rom  298°F   ( z o n e  

1)  t o   3 5 7 ° F / ( z o n e   3 ) ,   a t   s c r e w   s p e e d   o f   175  R P M .  



S p e c i m e n s ,   m o l d e d   as  b e f o r e ,   w e r e   t e s t e d   to   p r o v i d e  

p h y s i c a l   p r o p e r t y   d a t a   s u m m a r i z e d   in  T a b l e   I I .  



I t   w i l l   be  s e e n   t h a t   the   c o m p o s i t i o n   of   E x a m p l e   5 

p r o v i d e s   e n h a n c e d   s o l v e n t   r e s i s t a n c e   c o m p a r e d   w i t h   t h e  

c o m p o s i t i o n s   of  E x a m p l e s   2  and  3,  d e m o n s t r a t i n g   t he   w i d e  

v a r i a b i l i t y   in  p r o p e r t i e s   t h a t   can  be  a c h e i v e d   w i t h   t h e  

c o m p o s i t i o n s   o f   t h i s   i n v e n t i o n   t h r o u g h   c o m p o u n d i n g  

m o d i f i c a t i o n s .  

I t   w i l l   be  s e e n   t h a t   t h i s   i n v e n t i o n   i s   a  c o m p o -  

s i t i o n   c o m p r i s i n g   f rom  70  to   30  p a r t s   by  w e i g h t   of  a  

h i g h   r u b b e r   g r a f t   c o p o l y m e r   h a v i n g   g r e a t e r   t h a n   50  wt% 

r u b b e r   s u b s t r a t e   f r o m   30  to   70  p a r t s   by  e i g h t   o f   a  

p o l y v i n y l   c h l o r i d e   r e s i n   and  f rom  40  t o   65  p a r t s   b y  

w e i g h t   PVC  p l a s t i c i z e r .   The  p r e f e r r e d   h i g h   r u b b e r   g r a f t  

c o p o l y m e r s   a r e   ABS  and  MABS  r e s i n s ,   w h i c h   may  f u r t h e r   b e  

d e s c r i b e d   as  c o m p r i s i n g   l e s s   t h a n   50  wt%  of   a  g r a f t  

p h a s e   f o r m e d   of  a t   l e a s t   one  monomer  s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   o f  v i n y l   a r o m a t i c   m o n o m e r s   s u c h   a s  

s t y r e n e   and  a l p h a   m e t h y l s t y r e n e ,   a c r y l i c   m o n o m e r s   s u c h  

as  m e t h y l m e t h a c r y l a t e ,   v i n y l   c y a n i d e   m o n o m e r s   such   a s  

a c r y l o n i t r i l e ,   and  c o r r e s p o n d i n g l y   g r e a t e r   t h a n   50  wt% 

of  a  s u b s t r a t e   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   o f  

1 , 3 - d i e n e   p o l y m e r s   and  c o p o l y m e r s   t h e r e o f   w i t h   l e s s   t h a n  

50  wt%  of  a  c o p o l y m e r i z a b l e   v i n y l   or  v i n y l i d e n e   m o n o m e r .  

The  c o m p o s i t i o n s   a r e   u s e f u l   as  t h e r m o p l a s t i c  

e l a s t o m e r s   in   f o r m u l a t i n g   m o l d e d   a n d  e x t r u d e d   c o n s u m e r  

g o o d s   s u c h   as  in  shoe   s o l i n g   c o m p o s i t i o n s ,   a d h e s i v e s ,  

h o s e   and  t u b i n g   and  t h e   l i k e .   As  w i l l   be  r e c o g n i z e d   b y  

t h o s e   f a m i l i a r   w i t h   t h e   r u b b e r   c o m p o u n d i n g   a r t ,   t h e s e  

c o m p o s i t i o n s   may  f u r t h e r   c o m p r i s e   a d d i t i o n a l   t h e r m o -  

p l a s t i c   r e s i n s ,   as  w e l l   as  a n t i o x i d a n t s ,   s t a b i l i z e r s ,  

d y e s ,   p i g m e n t s ,   f l a m e   r e t a r d a n t s ,   f i l l e r s ,   p r o c e s s i n g  



a i d s ,   e x t e n d e r s ,   s e c o n d a r y   p l a s t i c i z e r s   and  t he   l i k e   a s  

n e e d e d   f o r   p a r t i c u l a r   u s e s ,   and  s u c h   f u r t h e r   a d d i t i o n s  

and  m o d i f i c a t i o n s   a r e   t h u s   c o n t e m p l a t e d   as  w i t h i n   t h e  

s c o p e   of  the   i n v e n t i o n .  



1.  A  t h e r m o p l a s t i c   e l a s t o m e r   c o m p o s i t i o n   c o m p r i -  

s i n g :  

(a)  from  70  to   30  p a r t s   by  w e i g h t   of  a  h i g h   r u b b e r  

g r a f t   c o p o l y m e r ;  

(b)  from  30  to   70  p a r t s   by  w e i g h t   of  a  PVC  r e s i n ;  

a n d  

(c)  from  45  to   65  p a r t s   by  w e i g h t   of  a  p l a s t i c i z e r  
f o r   PVC  r e s i n s .  

2.  The  c o m p o s i t i o n   of   c l a i m   1  w h e r e i n   t h e   h i g h  

r u b b e r   g r a f t   c o p o l y m e r   i s   a  g r a f t   c o p o l y m e r   c o m p r i s i n g  
l e s s   t h a n   50  wt%  of  a  r i g i d   g r a f t   p h a s e   f o r m e d   of  a t  

l e a s t   one  monomer   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   o f  

v i n y l   m o n o m e r s ,   v i n y l i d e n e   monomers   and  m i x t u r e s   t h e r e -  

o f ,   and  c o r r e s p o n d i n g l y   g r e a t e r   t h a n   50  wt%  of  a  r u b b e r y  
s u b s t r a t e '  s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  1 , 3 -  

d i e n e   p o l y m e r s   and  c o p o l y m e r s   t h e r e o f .  

3.  The  c o m p o s i t i o n   of   c l a i m   1  w h e r e i n   t h e   h i g h  
r u b b e r   g r a f t   c o p o l y m e r   i s   an  ABS  g r a f t   c o p o l y m e r   c o n -  

s i s t i n g   of  g r e a t e r   t h a n   50  wt%  of  a  r u b b e r y   s u b s t r a t e  

c o p o l y m e r   a n d ,   c o r r e s p o n d i n g l y ,   l e s s   t h a n   50  wt%  o f  

r i g i d   g r a f t   p h a s e .  



4.  A  t h e r m o p l a s t i c   e l a s t o m e r   c o m p o s i t i o n   c o m p r i -  

s i n g :  

(a)   f rom  70  to   30  p a r t s   by  w e i g h t   of  an  ABS  g r a f t  

c o p o l y m e r   c o n s i s t i n g   of  g r e a t e r   t h a n   50  wt%  of  a  r u b b e r y  

s u b s t r a t e   and ,   c o r r e s p o n d i n g l y ,   l e s s   t h a n   50  wt%  of  a  

r i g i d   g r a f t   p h a s e ;  

(b)  f rom  30  to   70  p a r t s   by  w e i g h t   of  a  PVC  r e s i n ;  

a n d  

(c)   f rom  45  to   65  p a r t s   by  w e i g h t   of  a  p l a s t i c i z e r  

f o r   PVC  r e s i n s .  

5.  Use  of  t h e  t h e r m o p l a s t i c   e l a s t o m e r   c o m p o s i t i o n s  

of  any  of   c l a i m s   1  to   4  as  e l a s t o m e r s   in  f o r m u l a t i n g  

m o l d e d   and  e x t r u d e d   c o n s u m e r   g o o d s .  

6.  Use  a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i z e d   in   t h a t  

t h e   c o n s u m e r   goods   a r e   s h o e   s o l i n g   c o m p o s i t i o n s ,   a d h e s i v e s ,  

h o s e ,   t u b i n g ,   w i r e   and  c a b l e   i n s u l a t i o n ,   f l e x i b l e   c o r d   a n d  

a u t o m a t i v e   p a r t s .   - 
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